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The Quality Index in 


Hardwood Sawtimber Management 


The quality index concept was in- 
troduced by Herrick (1946a) in con- 
nection with a study of the lumber 
grades sawed from hardwood logs in 
imcgana, Kathenmthan having to 
recognize and manipulate four or 
more standard lumber grades in deal- 
ing with the yields of logs and trees, 
the quality index defines their value, 
relative to that of some basic product, 
as a single number. 

The most nearly basic application 
of the quality index, hereinafter 
referred to as the QJ, is in connec- 
tion with value determinations of 
logs and trees. For the purpose of 
establishing a system of log grades or 
tree-quality classes the QI is invalu- 
able. 


making interpretations when these 


It is almost a requisite in 


log- or tree-grading systems are ap- 
plied toward economic, silvicultural, 
or other ends. Also the QI concept is 
helpful in describing lumber quality 
in an accounting sense. The “‘single- 
number efficiency” of the index 
makes it extremely useful in compar- 
ing different lots of lumber and also 
in applying the principles of quality 
control. 


Grade Yields and 
Lumber Values 
Perhaps the most simple method 
of introducing and explaining the 
QI is through a numerical example. 
Consider two red oak logs that have 
been sawed 
The lumber obtained from these logs 


into one-inch lumber. 


will be of several different grades. 
The amounts of lumber, by grade, 
for each log, might be as shown in 


Columns 3 and 5 of Table 1. The 


large proportion of lumber from Log 


1 F.0.b. mill point, Wausau, Wisconsin 
area. 


A. M. Herrick @ Department of Forestry and Conservation 


I. Introduction 


TABLE 1. Calculation of the Lumber Values of Two Logs 


Using Price Data. 


Log A 

Lumber Price Lbr. Vol | Value | Lbr. Vol Value 
Grade ($ per M) (bd. ft.) | ($) | (bd. ft.) ($) 
(1) (2) (3) (4) (5) (6) 
FAS 186 120 P2ea2 20 Sie 
Selects 166 60 9.96 20 3532 
No. 1C 126 45 5.67 60 7.56 
No. 2C 78 30 2.34 50 3.90 
No. 3C 58 45 2.61 50 2.90 
Total 3 21.40 


300 


42.90 


A that graded FAS or Selects shows 
this log was of higher quality than 
Log B. The influence of this higher 
quality together with its larger size 
becomes more evident when the 
value of the lumber in Log A is com- 
pared with that of Log B. Column 
2 of Table 1 shows the prices per 
thousand board feet of the various 
grades of red oak on the Northern 
Market! as quoted in the Hardwood 
Market Report for April 10, 1954. 
These prices, when multiplied by the 
corresponding volumes, show the 
values of the lumber by grades. The 
total value of the lumber in Log A 
under this price situation is computed 
to be $42.90 compared to $21.40 for 
that ine liog 9B: 


Price Relatives in Place of 
Dollar Prices 

The type of evaluation shown in 
Table 1 becomes very time-consum- 
ing when it is made to include a 
great many logs, several different 
species, more than one marketing 
area, Or prices for varying points in 
time. The first of several time-saving 
steps in computing the values of dif- 
ferent kinds of lumber is to express 
the prices of the various grades as 
ratios, using one of the lumber grades 
as the base or reference grade. When 
No. 1C is the reference grade, the 
price ratios or price relatives for red 
oak would be as shown in Column 3 
ofmlaplew ye rice relativess or pit. 3 
as they are called herein, are merely 


TABLE 2. The Use of Price Relatives in the Calculation 
of the Lumber Values of Two Logs. 


Log A Log B 
Lumber Price p.r. (bd. ft.) | Rel. Val. Lbr. Vol. | Rel. Val. 
Grade ($ per M) (ratio to 1C) Lbr. Vol. | (wtd. ratio) (bd. ft.) | (wtd. ratio) 
(1) (2) (3) (4) (5) (6) (7) 
FAS 186 1.476 120 bpp 7/72 20 29.52 
Selects 166 OL, 60 79.02 20 26.34 
No. 1€ 126 1.000 45 45.00 60 60.00 
No. 2C 78 0.619 30 18.57 50 30.95 
No. 3C 58 0.460 45 20.70 50 23.00 
300 169.81 


Total 


340.41 


ratios that may be used in place of 
dollar prices. The p.r.’s in Table 2 
are weighted by the appropriate 
volumes in the various grades and 
the cross-products are summed for 
each log. These totals may then be 
used to estimate the lumber values as 
follows: 


for Log A — 340.41 x $126 + 1,000 
for Log B — 169.81 & $126 — 1,000 


The error of one cent in the lumber 
value of Log A is due to rounding off 
theapiies: 


The Case for Standard 
Price Relatives 

The p.r.’s used in Table 2 were 
true only for red oak on the North- 
ern Market on the quotation of April 
10, 1954 since this is the source of 
the price data from which they were 
computed. If p.r.’s had to be com- 
puted for each species, each market- 
ing area and each new set of lumber 
prices, they would offer no advantage 
over actual prices. However, ex- 
tensive studies by Ellertsen and Lane 
(1953) and by Beazley and Herrick 
(1954) have shown that in spite of 
the different monetary values placed 
on lumber for various reasons, the 
relationship that exists among the 
prices of the several grades of lumber 
is a fairly stable one. This stability 
permits the use of p.r.’s in place of 
fluctuating dollar prices and guaran- 
tees the utility of the quality index 
concept. 

In their study, Beazley and Her- 
rick (1954) show that individual 
p.r.s are influenced by species and 
by marketing areas, but that they 
are relatively independent of time. 
Twenty-two mean p.r.’s reported for 
the FAS grade ranged from 1.211 for 
soft maple on the Southern Market? 
to 1.607 for hard maple on the Bos- 
ton Market from July 5, 1947 to 
October 7, 1950. The standard errors 


2 F.o.b. Texas and Louisiana mills. 

3 Notice how they approach those com- 
puted in Table 2 for red oak on the 
Northern Market. 


of the individual means, however, 
were less than 0.025 in all but two 
instances, indicating that individual 
p.r.s do not change very much 
through time. Even though some 
species p.r.s are significantly differ- 
ent (from a statistical point-of-view) 
in a given marketing area, there is 


$42.89 
$21.40 


and need for using 
in calculating quality 


opportunity 
standard p.r.’s 
indices. 
When QI’s are used for estimating 
stumpage values or for other pre- 
dictive purposes, the many oppor- 
tunities for error must be appreci- 
ated. Measurement errors of di- 
mension and grade in the tree itself, 
errors in forecasting the costs of con- 
version from tree to mill, inherent 
variability of lumber grade yields 
and, finally imperfections in the lum- 
ber market, all may contribute to a 


result of low reliability. Thus, if 
standard p.r.’s are used for all species 
in computing QI’s the inexactnesses 
are not likely to importantly affect 
the accuracy of the values resulting 
from the use of such QI’s. 


The set of standard p.r.’s listed in 
Column 2 of Table 3 was adapted 
from prices that obtained on a free 
market in recent years, using 4/4 
(one inch), plain-sawed, No. 1C 
lumber as the reference thickness and 
grade. For example, FAS lumber 
prices were found to average about 
1.4 times as much as the No. 1C 
prices over a wide range of condi- 
tions of time, species, marketing areas 
and types of market. These p.r.’s are 
proposed for use with any hardwood 
species and for any of the hardwood 
markets in the Central States area.? 
Acceptance of such standard p.r.’s 
requires that the user be willing to 
sacrifice some precision, probably, in 
the interest of simplicity. 


TABLE 3. Computation of the Quality Index for Two Logs. 


Log A | Log B 

Lumber Price Lbr. Vol. Col. 2 x | Lbr. Vol. Col. 2 x 
Grade Relative (% of tot.) Col. 3 | (% of tot.) Col. 5 

(1) (2) (3) (4) (5) (6) 
FAS 1.4 40 56 10 14 
Selects Te! 20 26 10 13 
No. 1€ 1.0 15 15 30 30 
No. 2C 0.6 10 6 25 15 
No. 3C 0.4 15 6 25 10 

Total 100 109 100 82 


Quality Index Combines 
Relative Lumber Yields 
with p. r.’s 

The QI is a single number that ex- 
presses the value of the lumber in a 
log or a tree as a percentage of the 
value of an equal volume of lumber 
of the reference grade. It may be 
expressed in formula form as: 


The calculation of the QV’s for Log 
A and Log B is shown in Table 3. 
The products of the standard p.r.’s 
and the respective percentage grade 
yields are summed in Column 4, for 
Log A, and in Column 6, for Log B. 
These sums, 109 for Log A and 82 
for Log B, are the QI’s of these two 
logs. They mean that the lumber in 


(Gal = (% FAS) (p.t.pas) ae (% Sel.) (p.t. get.) Soe (% No. 3C) (p.r. No. 3c) 
wherein — “% FAS” means the percentage of the 


total volume grading FAS, and 
“p.r.eag means the standard price relative 
for FAS grade lumber, etc. 


Log A is worth 109 percent and that 
in Log B is worth 82 percent as much 
as an equal volume of No. 1C lumber 
of the same species. Using the afore- 
mentioned price for No. 1C red oak 
lumber, the lumber in Log A would 
be estimated to be worth: 


(1.09) (0.3 M bd. ft.) 


Log B would figure to be worth: 


(0.82) (0.2 M bd. ft.) 


underestimate the true values, calcu- 
lated before, by about 4 percent for 
Log A and about 3 percent for Log 
B due to the fact that the standard 
p.r.’s are consistently below those 
specific for the prices given in Tables 
1 and 2.4 Such discrepancies are to 
be expected when QT’s are calculated 
for just a few logs, for an atypical 
species, or for an unusual market 
situation. Even in this illustration 
the errors are not disproportionately 
large if the unreliability in forecast- 
ing lumber grade recoveries is recog: 
nized and appreciated. 


Table 3 emphasizes the fact that 
the QI is determined solely from 
price relatives and percentage grade 
yields. Thus the QI is a percentage 
that permits a quantitative compari- 
son of logs, trees, or lots of lumber 
on the basis of the amount and value 


4 Actually the standard p.r.’s suggested 
herein will nearly always yield a QI that 
is conservative (too low). This is because 
the FAS p.r., 1.4, is somewhat low for the 
typical “grade lumber markets” and be- 
cause Selects lumber has been pooled with 
the No. 1 Common grade in calculating 
the QI’s (See page 6). The standard 
p.r.’s are meant to apply to lower priced 
markets and less valuable species as well 
as those for which price quotations are 


published. 


5“The surplus of sale value over the 
direct (variable) costs of conversion, ex- 
clusive of fixed charges.” Guttenberg and 
Duerr (1949). 


($126 per M) 


($126 per M) 


of lumber they contain. Only the 
volume and the current price of No. 
1C lumber need be ascertained to 
convert QI’s to dollars. If Log A 
were of some species whose No. 1C 
lumber sold for $80 per M bd. ft., its 
QI would still be 109 percent, but 


= SL 
and that in 


= $20.66 
These figures 


the lumber it contains would only be 
worth 


(1.09) (0.3 M bd. ft.) 


plied by the selling price of No. 1C 
lumber equals the price of the lumber 
in the tree. 
have been deducted the conversion 
surplus for the tree is obtained. This 
latter is closely related to stumpage 
value. 


When conversion costs 


Stumpage values are ordi- 
narily of interest in timber appraisal 
work, but herein they have been 
integrated with growth data as well, 
in developing a system for marking 
timber on the basis of value incre- 
ment. Without the QI as a medium 
for describing quality and relative 
value many of these accomplishments 
would have been difficult if not im- 
possible of attainment. 


($80 per M) = $26.16, 
GG ir its 


volume were 400 board feet instead of 300, its lumber content would be 


worth 


(1.09) (0.4 M bd. ft.) 


Though QI’s are readily convertible 
to dollars, they are chiefly useful for 
making objective comparisons of 
quality, quite apart from monetary 
determinations. 


Applications of the Ql 
Are Increasing 


The general utility of the QI has 
broadened greatly in recent years 
and new uses will continue to be 
made of it as the concept becomes 
familiar to more investigators. From 
the original assignment of the QI to 
describe the “average quality yields” 
of logs of various kinds and sizes, it 
was only a natural step to use QI’s 
in the development of a set of log 
grades. The combined grades of the 
logs in a standing tree provide a tree 
grade, of a sort, that gives an indica- 
tion of the QI of the tree as a whole. 
From a set of tree grades that are 
keyed to QI figures, it is thus possible 
to determine the gross lumber value 
of a tree, and even its conversion 
surplus.® As in determining the value 
of lumber in a log, QI multiplied by 
volume (from a volume table) multi- 


($80 per M) = $34.88. 


Background for the Present 
Study 

In the original work that devel- 
oped the QI idea (Herrick, 1946a) 
the price relatives were based upon 
FAS as the reference grade. As other 
research workers adopted the con- 
cept, other lumber grades were used 
as bases for the p.r.’s; by 1952 no 
fewer than five research reports, in- 
corporating the use of three differ- 
ent base grades had made their 
appearance in the literature. For this 
reason a symposium on “A Standard 
Quality Index for Hardwoods” was 
held at Purdue University in Oc- 
tober, 1952, in an attempt to stand- 
ardize the index. Attendants agreed 
that the accepted reference base for 
the QI would be 4/4, plain-sawed, 
No. 1C lumber. (Purdue University, 
1953.) 

Log and lumber grade yield data 
that are used in this bulletin were 
collected in 1943, 1944 and 1950 at 
14 different Indiana sawmills. In 
other form these data have been re- 
ported by Herrick (1946a) and 
McCoy (1952). The present publi- 
cation combines and presents for the 


first time all available lumber grade 
yield information for Indiana and the 
corresponding QI’s figured on the 
No. 1C base. In keeping with the 
1946 study, Selects lumber has herein 
been pooled with the No. 1C grade. 


“From these basic data are devel- 
oped tables of QI’s and conversion 
surpluses for trees of different sizes 
and grades. These are subsequently 
used in timber appraisal and timber 
marking applications. Also reported 


herein is a novel means of value in- 
the 


crement determination, 
growth rate. 


given 


The amount and extent of basic 
data analyzed herein are tabulated in 
Appendix C. Lumber yields were 
tallied for a total of 1,149 logs of 16 
species or species groups. Red oaks, 
beech, sugar maple, white elm, and 
yellow poplar each contributed more 
than eight percent of the total 
volume and together they accounted 


for 80 percent of the total. Log di- 
ameters ranged from 7 inches to 32 
inches, but 88 percent of the logs 
were between 10 and 20 inches in 
dib. The Purdue log grades® were 
used to sort the logs into quality 
classes. Each of the four grades made 
up more than 22 percent, but less 
than 28 percent, of the total volume 
studied, hence all grades were well 
represented. 


6 See Appendix B for a description. 


Il. Useful Forms of QI Data 


Lumber Grade Yields from 
Sawlogs and Their 
Corresponding QI’s 

The first result of a lumber grade 

recovery study is always a statement 
of the volumes of lumber, according 


16 20 
Log dib. — Inches 


100; 


Percent 
D 
9S 


O 


af 
8 


fe RIMERC RED 


to standard lumber grades, that were 
sawed from logs of various descrip- 
tions. Even what appear to be identi- 
cal logs, however, seldom yield 
identical total amounts of lumber. 
Thus absolute lumber grade yields 


1/00 


Percent 
Q 
9 


are almost always converted to per- 
centages in order to make them apply 
more generally. 

But nice descriptions of quality 
among logs of different sorts are im- 
possible, even in terms of percentage 


Log 4.1.6. — inches 
NO. 3 GRADE 


Log 7.1.6. — inches 


ALL GRADES 


Log ab. — Inches 
Figure 1. Hardwood lumber grade yields by log grade and log diameter. 
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LUMBER GRADES 
FAS 
No.1C & Selects 
q No.2c 
No.3C 


grade yields. Figure 1 illustrates this 
fact. 
the conclusion that, for example, 20- 
inch, Grade No. 1 logs may be ex- 
pected to saw out lumber of a better 
average quality than Grade 3 logs of 


Close observation leads one to 


the same size. Yet how much better? 
In larger-sized graphs it might be 
seen that a 20-inch, No. 3 log could 
be expected to yield about 54 percent 
No. 1C and better lumber, whereas 
the same-sized log would probably 
produce about 65 percent of these 
grades of lumber if it were a Grade 
1 log. This is more specific informa- 
tion, but could be misleading because 
it tells nothing of the segregation of 
the “better grades” and the “lower 
grades” into their respective com- 
Indeed a recitation of the 
individual percentages is the only 


ponents. 


120 


= 
e) 
9 


Quality index — percent 
0.) 
9 


60 


8 12 


safe way in which to describe the 
relative qualities; such a recitation 
prevents specific comparisons because 
of the necessity of several different 
citations of grade yields. The only 
means of making precise comparisons 
among logs by using percentage 
grade yields is to convert the yields 
to a dollar value by multiplying each 
by its appropriate price. 

Figure 2 shows the QI trends that 
match the five graphs of Figure 1. 
Each of the five curves in Figure 2 
is a substitute for one of the sub- 
divided percentage charts in the pre- 
ceding figure. Here it may be seen 
that a 20-inch, Grade 3 log has a QI 
of 80 while that for a No. 1 log of 
the same size is about 93. This clearly 
demonstrates the superiority of the 
QI over grade yields for making 


16 20 
Log dub. 


— inches 


quantitative comparisons of log qual- 
ity; the value of the lumber in the 
No. 1 grade log is immediately cal- 


93 
culable as being 100 [= .|- L625 


percent greater than that in the 
poorer log. 

Some general comments concern- 
ing Figures 1 and 2 are in order: 


1—All grades included, the per- 
centage yield of No. 1C and better 
lumber increases directly with log 
diameter. 

2—The grade yield and QJ are in- 
fluenced less by log diameter in 
Prime logs than any other grade; 
yields from No. 3 grade logs are 
influenced most markedly by log 
size. 

3—The yield of No. 1C and better 
lumber from large (24-inch, plus) 


24 


Figure 2. Regression of log QI on log diameter according to Purdue Log Grade. 
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logs is relatively independent of 
log grade. QI’s for large logs are 
quite similar, also, regardless of log 
grade. 


4—Regressions of QI on log diam- 
eter for the separate grades of log 
are all concave upward; the regres- 
sion for “all grades combined” is 
convex upward. 


In Appendix D are given the tabu- 
lar equivalents of Figures 1 and 2. 
Table D-1 shows percentage grade 
recoveries and Table D-2 shows the 
corresponding QI values for various 
log diameters and log grades, with 
species pooled. Although different 
species do have characteristically dif- 
ferent average grade yields and QI’s, 
variance within species is great and 
reliability of means is low. Thus in 
most practical applications of grade 
recovery or QI data, species may be 
pooled for quality prediction. This 
means that Tables D-1 and D-2 in- 
clude the quality information of the 
highest utility. 

Sometimes there is need for “single 
species” grade recovery figures, as 
would be the case if an appraisal 
were to be made of just the yellow 
poplar trees in a given woods. Here, 
the use of specific yields or QI’s 
would certainly provide more precise 
estimates than data compiled by pool- 
ing several species. Tables D-3 and 
D-4 in the Appendix show percent- 
age grade yields and QI’s for nine 
species or species groups by log di- 
ameters. Log grades are pooled. 
Table D-5 shows grade recovery data 
by species and log grade, but inde- 
pendent of log diameter. Its coun- 
terpart, Table D-6, includes mean 
QI’s curved across log grades by 
species. 

These data for the principal species 
seem to invite generalization as fol- 
lows: 


7 The heartwood requirements in the 
FAS grade for yellow poplar make the 
yield of this grade relatively low from 
second-growth timber; the yield of saps 
and selects in this species is disproportion- 
ately high for the same reason. 


1—Viewed separately, the grade 
recoveries by log diameter for in- 
dividual species are not apprecia- 
bly different from the yields for all 
species taken together. 

2—Logs of ash, basswood and pop- 
lar that are 18 inches or more in 
diameter yield scarcely any No. 3C 
lumber. 

3—There is no one size of log that 
yields about equal volumes of the 
various lumber grades, in any 
species. 

4—The FAS yields of beech and 
poplar? are lower than those of the 
other species in all sizes over 16 
inches. 

5—Of all species, white elm shows 
the greatest increase in yield of 
low grade lumber as log grade de- 
clines. 

6—No. 1 grade logs of ash, bass- 
wood, red oaks and white oaks 
yield better quality lumber, on the 
average, than Prime logs of beech, 
hickory or poplar. 

7—White oak logs of any grade 
seem to have a QI consistently 
higher by six index points than 
red or black oak logs of the same 
grade. 

8—Poplar and hickory show the 
least amount of variation in lum- 
ber grade yields among the four 
log grades. 

9—Ash and basswood, beech and 
cherry, and elm and soft maple, 
have, respectively, very similar 
QI’s for any given grade of log. 


These generalities about species, 
sizes and grades are to be qualified. 
The “species by log diameter” tables 
do not represent comparable grades 
of logs and likewise the “species by 
log grade” data do not necessarily 
derive from the same ranges or fre- 
quencies of log diameters. 

The most detailed sort of quality 
information representative of “aver- 
age logs” and not individuals is that 
ordered by log diameters, log grades 
and species. Separate tables showing 
yields of each grade of lumber from 
logs of different diameters are re- 


8 


quired for each grade of log for each 
species, if true percentage grade 
yields are to be indicated. For the 
nine principal species and the four 
log grades included herein, a total of 
36 tables would be required to show 
such detailed grade recovery data. 
The equivalent QI values, however, 
are all shown in Table D-7. 

The QI’s in Table D-7 are gener- 
ally of low reliability, that is, vari- 
ance about the regressions of QI on 
log diameter was very high when the 
logs were segregated by log grade 
within species. This condition is due 
to the inherent inconsistency in lum- 
ber grade yields as well as to the 
small number of logs of certain 
species, grades and sizes. For sugar 
maple, only means for the four log 
grades are shown while for hickory a 
single, mean QI is given for Prime 
and No. 1 legs combined and another 
average value for all No. 2 and No. 
3 logs. Clear definitions of trend 
were lacking for these species. 

Aside from the fact that the QI’s 
in Table D-7 for the most part in- 
crease with increases in log diameter 
and with improvement in log grade 
no generalization can be made. 
While it is true that some species 
exhibit QI’s quite different from 
those characteristic of other species, 
this table illustrates that log grade 
and log size are much more important 
determinants of QI than is species. 


Tree Grades and the 

Corresponding Tree QI’s 

A principal reason for the grading 
or the quality classification of any 
commodity is to appraise its relative 
worth. The determination of relative 
worth of trees may be done for the 
purpose of identifying those that 
would benefit from cultural work or 
it may be done to realize a price com- 
mensurate with their worth when 
the trees are marketed. In southern 
pine timber the grading of trees is 
often a matter of expressing the 
optimum use for the tree, as veneer, 
sawtimber, poles, piling, pulpwood, 
or other product, whereas in hard- 


woods, grading is typically a matter 
of discernment of sawlog quality. 
Thus the grades assigned to hard- 
wood trees should reflect the po- 
tential yield of those trees in terms 
of lumber or other sawed products. 
Because the application of log 
grades to standing timber has been 
hampered by complex grading rules 
and because the majority of the vol- 
ume and value of a tree is to be 
found there, only the butt log is used 
to estimate tree quality in some tree 
grading systems. (Campbell, 1951 
and 1955; Cummings and Zarger, 
1953.) This practice is relatively 
simple, but contributes to inexact- 
nesses because of the many possible 
combinations of upper log grades. 
There is no standard diminution of 
log quality above the butt log. Other 
systems have used the grade of both 
the butt and second logs (Martinelli, 
1948) or even the grades of all of 
the logs (Guttenberg and Putnam, 
1951: Burkle and Guttenberg, 1952; 
and Guttenberg and Reynolds, 1953) 
as an index of tree quality in an en- 
deavor to refine the forecast of lum- 


0 


Quality index — percent 


ber quality or value. Ideally all logs 
in a tree should be considered when 
the tree is graded. However, to do 
this in a practical manner one must 
use a simple set of grading rules, or 
make a simple application of a com- 
plex set. 

Tree grade is here defined as the 
unweighted arithmetic average of 
the Purdue log grade numbers, the 
Prime grade being designated as 
zero. A four-log tree with a Prime 
butt log, a grade No. 1 second log, 
a No. 2 third log and a No. 3 top 
log would be called a grade 11 tree. 
(Oe ile el een ane 
grade designation does not imply 
that the quality of the lumber in 
such a tree is mid-way between that 
of grade No. 1 and No. 2 logs; due 
to taper and the fact that the upper 
logs are generally of the lower 
grades, the lumber in the tree will 
be of higher quality than the average 
of equal volumes of lumber from 
grade 1 and 2 logs. 

Even though the log grade num- 
bers are not weighted by log volume 
to find the tree grade, tree QI’s cor- 
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responding to these tree grades must 
be computed by weighting the log 
QI’s by the volumes of the various 
logs. 

The determination of tree QI’s by 
computation from the QI’s of the in- 
dividual logs is not feasible if many 
trees are involved. Rather, to be use- 
ful for extensive application, tree 
QT’s must be precalculated. Since log 
diameter and log grade in combina- 
tion define log QI fairly well and 
since log QI’s weighted by log vol- 
umes produce a tree QI, the latter is 
ordinarily well correlated with tree 
d.b.h. and tree grade. The develop- 
ment of such a correlation is de- 
scribed below. 

Beginning with hypothetical trees 
and assuming realistic amounts of 
taper’, tree QI’s were computed for 


8 For Indiana hardwoods butt log taper 
in merchantable trees averages between 3 
inches and 8 inches per 12 feet depending 
upon tree size, species and site quality, 
(Herrick, 1949.) Top logs may taper from 
2 inches to 5 inches per 12 feet depend- 
ing upon tree form, and logs from the 
mid-bole usually average 1 inch of taper 
per 8 feet. 
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Figure 3. Regression of tree QI on tree d.b.h. according to tree grade. 
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12-, 16-, 20- and 24-inch d.b.h. trees 
of various log-grade compositions. 
This was accomplished by weighting 
the QI’s of the individual logs in the 
tree by their volumes and computing 
the mean QI for the tree. (See Ap- 
pendix, Table E-1.) Freehand re- 
gressions of tree QI on tree grade, 
one for each d.b.h. class, were plot- 
ted and then re-graphed: QI over 
d.b.h. ordered by tree grade to sys- 
tematize the relationships. (See 
Figure 3.) Table E-2 showing tree 
QI’s for various tree diameters and 
tree grades was read from Figure 3. 
Practical use of these tree QI’s is il- 
lustrated in Part III. 


For six hypothetical 18-inch grade 
2 trees of different log compositions 
the mean tree QI figured 75.39 per- 
cent + 0.47 percent and similarly for 
five differently-constituted, 22-inch 
grade 1 trees the mean QI was 92.10 
percent + 0.56. Thus it may be seen 
that the mean QI for trees of the 
same d.b.h. and tree grade is quite 
stable, even though the trees are con- 
stituted of logs of different grades 
and arrangements. Campbell (1951) 
found that estimated tree QI’s 
showed only small mean differences 
from the actual QI’s in a practical 
test in Appalachian hardwoods. The 
utility of the “tree as a whole” QI 
is, therefore, substantiated. 


Stumpage Value in Contrast 
to Lumber Value; the 
Conversion Surplus 


~The quality index is an indirect 
expression of the value of the lumber 
in a tree or log, a value not “in the 
round,” but as squared lumber. For- 
esters and timbermen usually desire 
to have an expression of value as 
stumpage or as logs, in the woods or 
at the mill “pond.” The linkage be- 


9 See footnote 5, Page 95. 


10 Burkle and Guttenberg (1952) used 
this same source and, in general, made 
the same application in determining con- 
version surplus. 


tween stumpage value and lumber 
value is cost and profit, to wit: 


Stumpage value — Lumber value— 
(costs of conversion + margin for 
profit and risk). 


Because profit margins are often in- 
determinate and the assignment of 
risk is open to much question, forest 
economists have modified this for- 
mula to include profit and risk with 
stumpage in a “conversion surplus.””® 


Conversion surplus = Product 
value — direct costs of conversion. 
The conversion surplus may be used 
for identification of the marginal tree 
as well as for the determination of 
the values of standing trees relative 
to one another. Yet the apportion- 
ment of the conversion surplus be- 
tween stumpage value on the one 
hand and fixed costs and margin al- 
lowances on the other is a problem 
that defies generalization. One bidder 
for a block of timber in which he had 
but slight interest might figure 
stumpage as only 30 percent of the 
conversion surplus, whereas another, 
more interested bidder might use 70 
percent of the surplus, as his bid 
price, satisfying himself with a 
smaller amount to cover fixed and 
margin charges. Hence the conver- 
sion surplus is but a guide to stump- 
age value. 

To convert tree QI’s into conver- 
sion surpluses in percent, a standard 
trend showing the relative cost per 
volume unit of converting trees into 
lumber was needed. In the course of 
another study several differential 
trends (by tree size) of costs of con- 
verting hardwood timber into lumber 
were examined (Herrick, 1945). Al- 
though each of these trends was 
unique, one reported by Shames 
(James), (1946) seemed to be fairly 
representative of (relative) hard- 
wood logging and milling costs.1° As 
in Table E-3, Shames’ dollar cost 
figures were converted to percent- 
ages, with the trend (Figure 4) being 
“pegged” at 60 percent at the 16-inch 
diameter. This merely provided a 
means whereby the relative costs 
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Figure 4. Differential logging and 


milling cost trend. 


could be used in conjunction with 
the QI’s to obtain relative conversion 
surpluses. 

When the relative costs were de- 
ducted, fer each diameter class, from 
the tree QI’s in Table E-2, there re- 
mained a conversion surplus in per- 
cent. Since the QI’s were in percent 
(of the No. 1 Common lumber 
price) it may be considered that the 
conversion surplus figures are in per- 
cent of the same base. In effect, then, 
the cost trend allowed 60 percent 
of the selling price of No. 1 Com- 
mon lumber as the cost of con- 
version for 16-inch trees. If rough, 
green No. 1 Common lumber were 
selling for $80.00 per M bd. ft., the 
allowance for all direct costs would 
be $48.00 per M for 16-inch trees 
and $42.40 per M (0.530 x $80) for 
18-inch trees. 

The conversion surplus figures are 
in Table E-4 and in graphic form in 
Figure 5. They reflect the influence 
of tree size and tree grade upon the 
value of the lumber yield and the in- 
fluence of tree size upon conversion 
costs per M bd. ft. They are limited 
in use, however, because they inti- 
mate that conversion costs are direct- 
ly related to species selling prices; the 
higher the dollar price, the higher 
the absolute allowance for cost. This 
fallacy means that the relative con- 
version surplus figures must be used 
only for making comparisons among 
tree sizes and/or grades or else the 
user must expect only approximate 
results if the surpluses are converted 
from percentages to dollars. 
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Figure 5. Regression of relative conversion surplus on tree d.b.h. according to tree grade. 


Ill. Application of the QI Concept in Stumpage Appraisal 


Timber Appraisal Has 
Become Analytical 

Appraisal of standing timber once 
involved merely the determination of 
net timber volume and the applica- 
tion of a flat price per unit. In co 
niferous timber this practice has per- 
sisted somewhat longer than in hard- 
woods, but it is generally true that 
the quality or grade of the trees now 
receives more attention than it ever 
did in the past. Less plentiful sup- 
plies of stumpage, increased costs of 
production and higher market prices 
for premium timber products have all 
contributed to this emphasis on qual- 
ity. Though economic conditions 
have been primarily responsible, use 
of the quality index has permitted 
far more intensive treatment of tim- 
ber quality than has heretofore been 
feasible. In any major hardwood- 
producing area, it is highly probable 
that timber estimation by grade will 


completely supplant the old-style 
cruises by volume only. 


There are two basic methods for 
estimating the merchantable volumes 
of standing trees: 1) using the tree 
dimensions and applying a volume 
table, and 2) using the dimensions of 
the component logs and applying a 
log rule. With the former method, 
quality can best be evaluated “by the 
tree’ through use of a tree grade; the 
latter method requires the grading of 
the individual logs. The QI “trans- 
lates” the tree or log grade informa- 
tion into terms of the lumber value 
yields, thus allowing an objective 
assay of the estimated outturn of the 
trees or logs. 

Appraisal of stumpage may be a 
relatively crude process such as that 
described above, wherein a set price 
per volume unit is applied to the net 
volume estimated. Or, it may be a 
highly refined, analytical process 


11 


whereby detailed costs of logging 
and milling, differentiated among the 
several diameters are added to an al- 
lowance for profit and risk and the 
whole subtracted from the antici- 
pated product value. 


Whatever the process involved, 
the basic principle is to reduce the 
anticipated selling price of the prod- 
uct or products by all costs of con- 
version and an allowance for profit 
(See Formula, Page 10.) 
Herein, no attempt is made to appor- 


and risk. 


tion the conversion surplus among 
stumpage, fixed costs and margin for 
profit and risk. 

Basic data for illustrating the ap- 
praisal of standing timber are given 
in Table 4. These 20 trees were se- 
lected arbitrarily from an appraisal of 
an old-growth woods made in 1953 
in Tippecanoe County, Indiana. Ref- 
erence lumber grade (No. 1C) prices 
have been assumed from recent air- 


dry, 4/4 quotations. Two methods 
are used for finding the lumber tally 
corresponding to the 5,252 board 
feet of Doyle log scale: 1) by refer- 
ence to a table of mill tally volumes, 
and, 2) by adding the estimated 
overrun in board feet to the Doyle 
volumes. Likewise, three separate 
techniques are employed in determin- 
ing the conversion surplus for these 
20 trees: 1) using QI’s for individual 
logs and deducting a cost allowance, 
2) using tree QI’s and deducting a 
cost allowance, and, 3) using conver- 
sion surpluses for individual trees. 
These techniques are but three of 
more than a dozen possibilities, con- 
sidering the use of grade yield per- 
centages in addition to QI’s and the 
several options for estimating QI’s 
and grade yields. In Table 5 the 
Doyle log scale and the estimated 
band mill tally have been entered ac- 
cording to log grades; the mill tally 
figures were taken from Table B-2 in 
the Appendix. 


TABLE 5. Preliminary Analysis for Sample Appraisals.! 


TABLE 4. Basic Data for Sample Appraisals. 


Log Data‘ 
Species dsb. hi Ist 2nd 3rd 
Red 0. 24 18.16.P 16.16.1 14.12.1 
Wh. 0. 23 17.16.1 15.0251 
Wh. elm 18 ibsial 12252 
Wh. ash 16 10.16.2 
Red 0. 29 22.16.P 19.16.P 17.10.2 
Bassw’d 23 18.10.P 15.14.1 14.12.2 
Red O. 33 26.14.P 20.12.P 
Wh. e!m 20 16.12.P 13.12.2 
Wh. elm 26 20.16.P 
Red O. 24 iad 2 14.12.3 
Bassw'd 20 152d 12.16.2 
Bassw’d aly; 12.16.2 
Wh. elm 20 17.12.P 
Wh. e!m 18 13.18.2 
Wh. 0. 30 22.12.P 18.16.2 
Wh. O. 26 20.12.P 18.12.P 14.12.2 
Red O. 28 20.16.P 7p 2e2 
Wh. elm 22 16.12.1 14.12.2 
Red 0. 28 16.12.P 14.16.1 
Red O. 19 ibs} 124 J W272 


1In sequence: scaling diameter in inches, scaling length in feet and the Purdue 


log grade (from estimates made in field). 


Lumber Tally by Log Grades? 


oes oye ee 


| | Doyle Log Scale by Grades” 
| 
| 


Species | d.b.h. 2 3 | Total P | 1 3 Total 
| | | | | 
Red 0. 24 196 144 ) 415 233 177 512 
Then 102 
Wh. 0. 23 169 ) 260 205 323 
91 118 

Wh. elm 18 91 48 139 118 82 200 

Wh. ash 16 36 36 81 81 

Red 0. 29 324 | 106 655 360 ilsy2 756 
225: § 264 { 

Bassw’d 23 122 106 75 303 147 LS }¥/ 102 386 

Red 0. 33 423 615 452 680 
key \\ 228 t 

Wh. elm 20 108 61 169 134 92 226 

Wh. elm 26 256 256 296 296 

Red O. 24 127 75 202 155 102 257 

Bassw’d 20 91 64 155 118 105 223 

Bassw’d 17 64 64 105 105 

Wh. elm 20 127 127 155 155 

Wh. elm 18 90 90 68 68 

Wh. O. 30 243 196 439 285 233 518 

Wh. 0 26 192.) 75 414 228 102 506 
147 { 176 t 

Red O. 28 256 127 383 296 155 451 

Wh. elm 22 108 1S 183 134 102 236 

Red 0. 20 108 100 208 134 134 268 

Red 0. 19 hit 48 139 118 82 200 

5202 3,543 1,361 1,441 102 6,447 


1 More than one number in any log grade category for the same tree indicates more than one log of a given grade in that tree. 
3 Entered in office from Table B-2. 


2 Entered in office from Table B-1. 
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Appraisal Using Individual 
Logs 

The first appraisal is done by 
species and log grade. Table 6 pre- 
sents a summary of mill tally volumes 
for the five species, the four log 
grades and appropriate totals. QI’s 
that ignore both species and log size 
are multiplied by the No. IC price 
for each species; these cross-products 
(the mill-run lumber price, all grades 
included) are then applied to the vol- 
ume in each species-log grade cate- 
gory. For example, the QI for No. 2 
logs is 79 percent. This figure is 
multiplied by the selling price of the 
No. 1C grade of lumber, $100 per M 
liye thew scaseOie white. ash, thus: 
0.79 x $100 = $79 per M, the esti- 
mated mill-run price of the lumber 
contained in Grade No. 2, white ash 
logs. When the $79 is applied to the 
81 board feet of lumber in this cate- 
gory ($79 per M x 0.081 M) the 
resultant $6.40 represents the actual 
value of this amount and kind of 
lumber. Other value figures in Table 
6 were obtained in this same manner. 
The QT’s used in this illustration are 
tom bes oundsins lables D7? satathe 
bottom. 


Total product (lumber) value of 
these 20 trees amounts to $706.43 
and this must be reduced by the esti- 
mated total production costs to find 
the conversion surplus. The latter 
process is shown below Table 6. 
From Figure 4, Page 10, the relative 
production cost corresponding to the 
average d.b.h. of these 20 trees (22.8 
inches) was found to be 42.2 percent 
(of the No. 1C lumber price). The 
weighted (by volume) selling price 
of No. 1C lumber of these five 
species computed to be $114.52, thus 
the production cost figured $48.33 
per M ($114.52 per M x 0.422). At 
this rate, the estimated total cost of 
producing the 6.447 M board feet of 
lumber was $311.58. When this total 
cost was deducted from the total 
lumber value, the conversion surplus 
amounted to $394.85. 


TABLE 6. Appraisal Using Individual Logs. 
Log Grades 
P 1 2 3 
No. of No. 1€ | 
Species ieee a Quality Index in Percent All 
105 90 79 68 | 
($) Board feet, mill tally and dollars! 
Wh. Ash il 31 81 
100 6.40 6.40 
Bassw'd 3 147 255 312 714 
120 18.52 27.54 29.58 75.64 
Wh. elm 6 585 252 344 1,181 
80 49.75 18.37 21.74 89.86 
Red Oak 7 2,122 531 369 102 3,124 
120 267.37 SLES) 34.98 8.32 368.02 
Wh. Oak 3 689 323 33D 1,347 
130 94.05 37.79 34.67 166.51 
All 20 3,543 sel 1,441 102 6,447 
429.69 141.05 UP /E/ 8.32 706.43 


1 Mill tally volumes summarized from Table 5. 


Dollars of lumber value = QI x #1C price x Volume in M. bd. ft. 
Derivation of total conversion surplus (see explanation this page) : 


Total lumber value 
Less Costs: 
@ mean d.b.h. of 22.8”. 
weighted No. 1C price... 


average cost, per M..... 
$48.33 per M x 6.447 M 


Conversion surplus, 20 trees 


Appraisal by the Tree 
Using Ql’s 

In the second illustration of stump- 
age appraisal, the individual tree is 
the basis. Species, d.b.h. figures and 
Doyle volumes per tree have been 
listed in Table 7 from Table 5. Over- 
run per tree was determined from a 
formula. An earlier study by Her- 
rick (1946a) showed that band mill 
overrun in board feet from the Doyle 
scale could be computed for logs 
averaging 12 feet in length from the 
following regression equation: 


Overrun per log 


42.2% 


Each of the tree volumes in Doyle 
scale was converted to mill tally by 
adding the appropriate overrun com- 
puted in the above manner. Total 
this 
equaled 6,464 board feet as com- 
pared with 6,447 feet determined in 
Table 5. 


Tree grades shown in Table 7 are 


mill tally estimated in way 


merely unweighted averages of the 
grades of logs in the several trees. 
The first tree, for example, shows a 
grade of 2/3 because it contains a 
Prime (counted zero) and two No. 1 


40 — d/2, 


wherein “‘d” is the scaling 


diameter of the log. This equation was combined with the 
Purdue rule-of-thumb (Herrick, 1939 rev. 1948) which says 
that “the scaling diameter of the average (12-foot) log in a 
hardwood tree equals three-fourths of the d.b.h. Hence, if “D” 


equals the tree d.b.h. and “N’ 


eee 


* equals the number of logs per 


Overrun per tree = N (40 —d/2), but d= 3/4 D, so 
SN (4013 8D) 
For a 24-inch, 3-log tree, the overrun figures: 
3 { 40 — (3/8) (24) } = 3 (40 — 9) = 93 board feet. 
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TABLE 7. Appraisal by the Tree Using Quality Indices. 


ahh Doyle Over- Mill Tree Tree Conv. No. LG Conversion 
Species (in. ) scale run tally grade Q.14 surplus price surplus 
F (b.f.) (b.f.) (b.f.) — (%) (%) ($) ($) 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 
Red 0. 24 415 93 508 2% 96 54 120 32.92 
Wh. 0. 23 260 62 322 1 92 50 130 20.93 
Wh. elm 18 139 66 205 lv 82 40 80 6.56 
Wh. ash 16 36 34 70 2 75 aS 100 Pei 
Red. 0. 29 655 87 742 % 101 59 120 52.53 
Bassw’d 23 303 93 396 1 92 50 120 23.76 
Red. 0. BS 615 56 671 0 106 64 120 555) 
Wh. elm 26 169 64 233 1 90 48 80 8.95 
Wh. elm 26 256 30 286 0 104 62 80 14.19 
Red. O. 24 202 62 264 1% 87 45 120 14.26 
Bassw'd 20 155 64 219 ll’ 84 42 120 11.04 
Bassw’d ily 64 34 98 2 75 Se 120 3.88 
Wh. elm 20 127 32 159 0 103 61 80 7.76 
Wh. elm 18 90 33 123 2 76 34 80 3235) 
Wh. O. 30 439 58 497 ak 101 59 130 38.12 
Wh. 0. 26 414 90 504 =, 98 56 130 36.69 
Red. O. 28 383 60 443 Th 98 56 120 29.77 
Wh. elm 22 183 64 247 lv2 85 43 80 8.50 
Red. 0. 20 208 64 272 Yo 96 54 120 17.63 
Red. 0. 19 139 66 205 lV2 83 41 120 10.09 
Total 456 e252 1212 6,464 394.77 
Mean 22.8 
1 Entered from Table E-2 
2 QI reduced by 42. At mean d.b.h. (22.8 inches) the relative cost = 42.2% 
Summary by Species 
Volume 
No. of Logs bd tt: 
Wh. ash 1 70 
Bassw’d 3 was: 
Wh. elm 6 1,253 
Red O. I 3,105 
Wh. 0. sh 1325 
20 6,464 


grade logs; the sum of the grades, 
(0 + 1+ 1 = 2) is divided by the 
number of logs in the tree (3). 

The quality index figures from 
Table E-2 were entered in Table 7 
according to the d.b.h. and grade of 
each tree and these QI’s were then 
reduced by 42 percent (rounded 
from 42.2), the average relative pro- 
duction cost for trees averaging 22.8 
inches in d.b.h., as determined be- 
fore. The remainder represented, for 
each tree, the conversion surplus per 
unit of volume, in percent of the No. 
1C selling price. By cross-multiply- 
ing the mill tally volume per tree (in 
M’s), the relative conversion surplus 
and the lumber selling price of the 
No. 1C grade of the particular 
species, the conversion surplus in 
dollars was obtained for each tree. 
For the first tree, a 24-inch, grade 


2/3 red oak, the QI (Table E-2) is 
96 percent. This, less the cost allow- 
ance of 42 percent gives a conversion 
surplus of 54 percent. Then, in dol- 
lars, the surplus for the tree figures: 
O5 08) Max 054 7x03 120 t= 32.97) 
The sum of the surplus figures for 
the 20 trees is almost identical with 
the total conversion surplus calcu- 
lated from the individual log data. 
This attests to the legitimacy of using 
QI’s for the entire tree. 


Appraisal by the Tree Using 
Conversion Surpluses 


A modification of this “by-the- 
tree’ type of appraisal gives recogni- 
tion to the fact that conversion costs 
vary according to tree size. Whereas 
the conversion surplus per tree in 


Table 7 was equal to the QI reduced 
14 


by a standard percentage for a cost 
allowance, the surplus figures (per- 
centages) in Table 8 were entered 
directly from Table E-4. The esti- 
mated total conversion surplus for 
the 20 trees amounted, in this case, 
to $406.75 or about $12 more than 
that figured by the other two 
methods. The excess here may be 
explained by the lower differential 
costs applied for the large trees well 
above the mean d.b.h. In the first 
two methods 42 percent was the cost 
allowance for all sizes of trees, 
whereas in Table 8, the allowance 
for a 30-inch tree was only about 35 
percent (See Table E-3). Although 
it is true that higher costs are de- 
ducted for the smaller-than-average 
trees, the resulting surpluses do not 
compensate the total because the tree 
volumes are so much smaller. 


Stumpage Appraisal 
Generally 

When an appraisal is made by in- 
dividual logs a QI for each log may 
be utilized if desired, although in- 
creased precision seldom warrants 
this refinement. In the illustration 
here given, log diameter and length 
are estimated for volume, log grade 
for QI’s and species is recorded for 
pricing. Pooling of all volumes in a 
species-log grade category greatly 
simplified the computations. Ap- 
praisals made “by the tree” do not 
require an estimate of the diameters 
and lengths of the logs in each tree 
if a suitable volume table is available, 
but the grades of the logs are neces- 
sary in determining the tree grade as 
defined herein. The d.b.h. and usable 
length give the volume estimate, the 
d.b.h. and tree grade control the QI 
(Table E-2) or relative conversion 
surplus (Table E-4) and, again, the 
species dictates the selling price of 
the No. 1C grade. Direct use of the 


TABLE 8. Appraisal by the Tree Using Conversion Surpluses. 


ahh Tree Mill No. 1C€ Convers. Convers. 
Species (in, ) Grade Tally Price Surplus Surplus 
; —— (b.f.) ($) (%) ($) 
(1) (2) (3) (4) (5) (6) (7) 

Red. 0. 24 2% 120 55.8 34.02 
Wh. O. 23 Al 130 50.1 20.97 
Wh. elm 18 Ye 80 29.8 4.89 
Wh. ash 16 2 100 14.8 1.04 
Red. O. 29 22 120 65.9 58.68 
Bassw’d 23 il 396 120 50.1 23.81 
Red O. 33 0 671 120 7 file EPA) 
Wh. elm 20 i 233 80 42.6 7.94 
Wh. elm 26 0 286 80 66.4 15.19 
Red O. 24 lY2 264 120 46.6 14.76 
Bassw'd 20 ly 219 120 36.3 9.54 
Bassw’d 7 oa iy 98 120 19.5 2.29 
Wh. elm 20 0 80 555 7.06 
Wh. elm 18 2 80 23.4 2.30 
Wh. O. 30 1 130 66.1 42.71 
Wh. O. 26 =, 130 60.0 39.31 
Red 0. 28 1 120 61.2 32.53 
Wh. elm 22 1lyY2 247 80 41.8 8.26 
Red 0. 20 Yo 120 49.1 16.03 
Red O. 19 WA 120 S502 8.17 
Total 6,464 406.75 


relative conversion surplus in percent 


allows the ready calculation of the 


corresponding surplus in dollars for 


each tree, although such use of the 
conversion surplus may be open to 
question. (See Page 10.) 


IV. Development of An Economic Marking Guide 


Timber Marking is More 
Than Economics 

No objective timber-marking guide 
can ever substitute for judgment on 
the part of the marker. And no 
marking guide of a purely economic 
sort should ever be used to the ex- 
clusion of sound silvicultural prin- 
ciples. Timber marking is and will 
continue to be an art. However, 
indecision about whether a 
tree should be marked cannot be re- 
solved otherwise, then an objective 
system of evaluation is highly desir- 
able. A logical application of the con- 
version surplus is in the development 


when 


of such economic marking guides. 
Since surplus figures may be di- 
rectly compared between two differ- 
ent tree diameters, the appreciation 
in quality—that is, in the relative 
unit conversion surplus—is readily 
attainable. Thus the conversion sur- 
plus for a Grade No. 1, 23-inch tree 


that grows to a 24-inch d.b.h. in- 
creases from 50.1 to 52.3 percent 
(See Table E-4). Suppose the tree 
were of form class 80 and contained 
32 feet of merchantable length. The 
gross International Y4-inch volume 
would increase from 428 to 469 
board feet (Mesavage and Girard, 
1946). Now, assuming that the No. 
1 Common lumber selling price for 
the species is $80 per M bd. ft., the 
increment in dollar value accompany- 
ing the one-inch increase in tree size 
may be computed as: 


Even if this tree were to increase 
from 13 to 14 inches in d.b.h. in a 
single year, its annual dollar incre- 
ment would still be lower than that 
of the larger tree. On the other hand 
if the smaller tree were of a species 
for which the selling price of No. 1C 
lumber were $100 per M bd. ft., at 
one inch of growth per year it would 
earn more annually (53 cents) than 
the larger tree. 


$80 [ (0.523 x .469) — (0.501 x .428) } = $2.47 
If this dollar increment were associated with a five year time 
period (five rings per radial one-half inch) the annual increment 


would obviously be: 


$2.47 + 5 = $0.494 
At the same lumber selling price, a 13-inch, Grade No. 2 tree 
that increases from 71 to 83 board feet in growing one inch in 


d.b.h., would yield a total dollar increment of: 
$80. { (0.029 x 0.083) — (—0.041 x 0.071) } = $0.425 


15% 


Guide Numbers are 
Increments in Conversion 
Surplus 

The marking guide numbers in 
Table E-5 have been developed us- 
ing volumes from a “local” volume 
table (Herrick, 1946b). The latter 
(Table B-4, Appendix) is in Interna- 
tional, %4-inch, scale and is suitable 
for “local” Indiana merchantable 
lengths. Guide numbers are merely 
the increases in conversion surplus 
per inch of d.b.h. growth. If the sell- 
ing price of No. 1C lumber is 
$100 per M bd. ft. then these num- 
bers are increments in the surplus in 
For a Grade No. 1 tree that 
grows from 18 inches to 19 inches, 
the volume increases from 281 board 
feet to 323 board feet while the con- 
version surplus changes from 36.4 


Thus the 


cents. 


percents to, 3957. pereent: 
guide number computes as: 


Since this guide number is associ- 
ated with one inch of increase in 
d.b.h. it must be related to the 
growth rate to be converted to an 
annual basis. This is accomplished, 
as before, by dividing by the number 
of rings in the last radial one-half 
inch. 


Likewise the guide numbers should 
be adjusted for species differences by 
multiplying by factors such as those 
at the bottom of Table E-5. These 
factors should approximate the rela- 
tionships existing among the No. 1C 
selling prices of the various species 
in a free market and under current 
typical conditions of demand. Al 
though the number resulting from 
the use of these or similar factors 
may not be a close approximation of 
the monetary value of the annual in- 
crease in conversion surplus, it will 


(0.397 x 0.323) — (0.364 x 0.281) = 0.025947 
or 0.025947 x $100 x 100 cents per dollar = 259.47 cents. 


All values in Table E-5 were calcu- 
lated in this same manner. 


be a good estimate of the increase 
relative to the value increments of 
other trees. 

Growth in diameter typically de- 
celerates as trees become larger. Yet 
the value of one inch of growth in 
d.b.h. increases with an increase in 
tree the growth represents 
more volume and higher quality 
wood on the larger stem. Tree grade 
further confounds the issue. Refer- 
ence to Table E-5 will verify the 
facts that leaving a tree for one ad- 
ditional inch of diameter growth: 


size; 


—gives the greatest value incre- 
ment on the better grade trees, 
up to 24 inches d.b.h. 


—gives practically the same value 
increment, regardless of tree 
grade at a 25 inch d.b.h. 


—gives the greatest value incre- 
ment on the lower-grade trees, 
if over 25 inches in d.b.h. 


The interaction of d.b.h., tree grade 
and growth rate can best be illus- 
trated by some examples. 


Growth Rate and Species 
Value are Applied to the 
Guide Numbers 
Consider a situation in which one 
of two red oaks is to be marked for 
cutting. | iree. A “is a. 16-inch, 
Grade 2 tree with 6 rings in the last 
radial inch. Tree “B” is 22 inches in 
d.b.h., Grade 114, and shows 10 rings 
per radial inch. Which tree will be 
the less productive in the next few 
years? Dividing the guide number?! 
from Table E-5 by the number of 
years required to grow one inch of 
diameter gives the answer. 
(ireen ae 1702S =5637 


Though the difference is not great, 
the larger tree should be left and 
Tree “A” marked for cutting. The 
grade improvement of Tree “B” 


11 Interpolation is necessary for tree 
ce oe 
12 Interpolated for Tree ““C.” 


more than offsets its slower growth 
Lave: 


Suppose Tree “C,” a 20-inch hard 
maple, Grade 1?/; is in competition 
with Tree “D” a beech, Grade 1 and 
l84inches inecdb.nes liethesmaple 
shows 11 rings in the last radial inch 
and the beech, 8 rings, which tree is 
the poorer producer of value? Again, 
dividing the guide number!” by the 
number of rings in the last one-half 
inch of radius, but weighting the re- 
sult by the different species value 
factors: 


ment of the latter to be higher than 
that of the beech tree. Here the dif- 


ference is nearly inconsequential. 


In either of the cases just used for 
illustration, the correct selection of 
one tree over another could not have 
been made easily, yet objectively, 
without the assistance of the table of 
marking guide numbers. Defect is so 
prevalent in nearly all existing stands 
of hardwoods in Indiana and the 
Central-West that the identification 
of trees for cutting is not a difficult 
problem. Thus it is seldom necessary 


ig 
Tree “C” (334) 1/3 + (278) 2/3] + =x 1.0 = 297 = 5.5 = 54.0 


‘trees De 


Of the two, the beech (Tree “D”) 
would be marked for cutting. Even 
though “D” is a higher grade, faster 
growing tree, beech lumber is worth 
less than hard maple and the species 
factor causes the relative value incre- 
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(259+ 4) 0.8 = 51.8 


to resort to a critical examination of 
them before trees are marked. Yet in 
the instances where subjective ap- 
praisal produces indecision or bias, 
the marking guide numbers are 
worthy of application. 


Appendix A 


Glossary of Selected Terms and Abbreviations 


d.b.h.— diameter at breast height—4!/7 feet above aver- 
age ground level outside of bark. 

d.i.b.— diameter inside of bark at the small end of a log; 
the scaling diameter. 

four-quarter or 4/4—nominal one-inch thickness, applied 


to lumber. 
lumber grades—(see below). 
FAS—firsts and seconds 


Sel.— selects 

No. 1C—number one common 
No. 2C-—number two common 
No. 3C—number three common 


1 Society of American Foresters (1950). 


M or M. bd. ft.—one thousand board feet. 


plain sawed—lumber so sawed that the growth rings 
form an angle of less than 45 degrees with the sur- 
face of the piece.! 


p-r.—price relative; the ratio of the dollar price of a 
given grade of lumber to the price of the No. 1C 
grade. 


QI—quality index; a percentage related to the lumber 
value of a tree or log. 


timber marking—selection and indication, usually by 
blaze or paint spot, of trees to be cut or retained 
in a cutting operation.! 


Appendix B 


Accessory Descriptions and Data 


Brief description of hardwood lumber grades 
Purdue log grades 

Table B-1—Doyle Log Rule 

Table B-2—Band Mill Tally 


Table B-3—Circle Mill Tally 
Table B-4 


Composite volume table for Indiana hard- 
woods, International (Y%-inch) scale. 


A Brief Description of Hardwood Lumber Grades 


The following excerpts from, “How Lumber Is 
Graded” (Betts and Helphenstine, 1920) will serve as 
a brief summary of hardwood lumber grades: 

“The highest grade of hardwood lumber is termed 
‘Firsts’ and the next grade “Seconds. Firsts and Seconds, 
or, as they are generally written, FAS are practically 
always combined in one grade. The third grade is 
termed ‘Selects’ followed by No. 1 Common, No. 2 Com- 
mon, Sound Wormy, No. 3-A Common, and No. 3-B 
Common.” 

“The highest grade, Firsts, calls for pieces which will 
allow a 912% percent of their surface measure to be cut 
into clear-face material; i. e., not more than 814 percent 
of each piece can be wasted in making the required 
cuttings. In the grade of Seconds, 8313 percent of the 
surface measure of the pieces must yield clear-face cut- 
tings.! Both Firsts and Seconds requires pieces not less 
than 6 inches wide and 8 feet long. In the grade Selects 
the minimum width is 4 inches and the minimum length, 
6 feet. Both First and Seconds and the face side of 


1 Boards 6 feet to 15 feet surface measure will admit of one 
additional cutting to yield 912/44 percent clear face. 

2 Exceptions in No. 1 Common are pieces with 1 foot 
surface measure and 2 feet surface measure, which require 100 
percent clear face and 75 percent clear face, respectively, and in 
No. 2 Common pieces with 1 foot surface measure, which re- 
quire 66 percent clear face. 
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Selects must in addition to cutting requirements also 
meet specified requirements as to the limitation of certain 
defects. The cutting requirements of Selects are 9124 
percent clear face in pieces with 2 and 3 surface feet. 
In larger pieces, the cutting requirements are the same 
as for Seconds on the face side. The reverse side of the 
cuttings in Selects must be sound or the reverse side 
of the piece not below No. 1 Common. The next two 
grades, No. 1 Common and No. 2 Common, call for 


2 
=) 


material not less than 3 inches wide and 4 feet long and 
require? 662 percent and 50 percent clear-face cuttings, 
respectively. The minimum size of cuttings in these two 
grades is reduced from 4 inches by 5 feet or 3 inches by 
7 feet in Firsts, Seconds, and Selects to 4 inches by 2 


5 


feet or 3 inches by 3 feet. 

“In the grade of Sound Wormy the requirements are 
the same as in No. 1 Common except that worm holes 
and similar defects are allowed in the cuttings. The 
grade of 3-A Common admits pieces that will furnish 
3314 percent clear face in cuttings not less than 3 inches 
wide and 2 feet long. This grade will also admit pieces 
which grade not below No. 2 Common on the good face 
and have the reverse face of the cutting sound. The 
lowest grade, No. 3-B Common, allows pieces that will 
cut 25 percent in sound material not less than 1!/2 inches 
wide and having at least 36 square inches surface 


measure. 


Purdue Hardwood Log Grades 


Prime—Practically (90 percent) A B c D 
surface clear on three visible 
faces.1 (A face is any one-quarter 
of the surface of a log.) Must be 
16 inches or more in diameter in- 
side bark at the small end. 

No. 1—At least three-fourths (75 
percent) of the log length on the 


three visible faces must be surface 
clear in one section. Must be at 
least 14 inches in diameter inside 
bark at the small end. 

No. 2—At least one-half (50 per- 
cent) of the log length must be 
surface clear on the three visible 


faces in one section or in two sec- 


tions, neither of which can be less 
than three feet long. Must be at 
least 10 inches in diameter inside 
bark at the small end. 

No. 3—Will not meet No. 2 speci- 


IF 16° OR OVER IF 14 OROVER IFIO"OR OVER 


1 When one has occasion to see all sides ing, only the three poorest faces should be 
fications. of a log, as in timber cutting or log mak- used in grading the log. 


TABLE B-1. Doyle Log Rule. 


Top Length in Feet 
diameter ; 

Z | | 
(inches) 8 | 10 12 14 | 16 


| | | | 


Volume in Board Feet 


8 8 10 PR 14 16 TABLE B-2. Mill Tally in Six Indiana Band Mills. 
9 13 16 19 22 25 

10 18 23 27 31 36 ; Log length in feet 

11 25 31 37 43 49 Log d.i.b. | : 

13 41 51 61 71 81 inches 

1B 41 51 51 71 81 2 | ae | a | ag ! ~ 
14 50 63 75 87 100 = 
WS 61 76 91 106 avail. Board feet 

16 72 90 108 126 144 8 10 Zi 43 54 59 
17 85 106 127 148 169 10 29 47 63 73 81 
18 98 123 147 72 196 R 48 68 82 94 105 
19 ills 141 169 197 225 14 67 90 102 120 134 
20 128 160 192 224 256 16 85 118 134 155 77. 
20 145 181 217, 253 289 18 104 147 176 203 233 
22 162 203 243 284 324 20 122 182 228 260 296 
23 181 226 271 316 61 22 141 228 285 326 360 
24 200 250 300 350 400 

ae 554 Oye aa aus a 24 160 281 341 388 426 

26 334 397 452 487 

26 242 303 363 424 484 28 338 454 514 550 
27 265 331 397 463 529 

28 288 360 432 504 576 No. of logs 34 136 264 124 79 
29 313 391 469 547 625 

30 338 428 507 592 676 

31 365 456 547 638 729 

32 392 490 588 686 784 

33 421 526 631 736 841 

34 450 563 675 788 900 

35 481 601 721 841 961 

36 512 640 768 896 1024 

37 545 681 817 953 1089 

38 578 723 867 1012 1156 

39 613 766 919 1072 1225 

40 648 810 972 1134 1296 


TABLE B-3. Mill Tally in Seven Indiana Circular Mills. TABLE B-4. Merchantable Volume Table for Indiana 


= Hardwoods! Board Feet—International (44-inch) Rule 
Log length in feet = —— _— A 


begs, Merchantable height in 12-foot logs? 
ae are l | erchantable height in 12-foot logs 
8 10 12 14 16 Average 2 
| | | | Tree tree 
d.b.h. al 2 3) 4 5 6 
Board feet (inches) 
8 23 30 34 39) 45 Volume in board feet, International (1/4’) scale 
10 36 47 54 62 72 5 
aid 49 67 76 86 100 LO) 29 20 32 
14 62 86 100 LES: 130 12 73 42 70 93 
16 Iss 112 130 147 165 14 125 68 116 153 180 
18 88 140 166 189 210 16 204 90 159 212 253 296 
20 101 172 ed 242 
ASE 18 281 112 202 275 Bos 396 
22 206 261 301 333 20 366 139 249 344 428 505 
24 243 316 363 405 22 468 178 306 431 538 636 744 
26 369 426 482 24 574 218 368 522 655 770 902 
28 423 488 560 : 
No. of logs 31 37 38 40 28 26 688 261 440 619 778 915 1074 
‘ 28 812 309 520 eS) 910 1072 1268 


== 30 946 Bog. 605 833 1051 1249 1477 
BZ 1095 416 701 964 1216 1435 1709 


34 1250 1100 1374 1638 1949 
36 1412 1243 1552 1850 2200 
38 1581 1392 1739 2070 2480 
40 1760 1550 1936 2305 2780 


1 Adapted from Purdue Extension Leaflet 273. 
2 Diameter at breast height—414 feet above ground level. 
3 Length from stump to usable limit in the top. 


Appendix C 


Extent of the Basic Data 


TABLE C1. Distribution of Study Logs by Diameters TABLE C-2. Distribution of Study Logs and Volumes 


and Grades. by Species and Log Grades. 
Log grade Total Logs Mill Scale Volume 
Log d.i.b. 
inches : | | | | | | | 
Prime | No.1 | No.2 | No.3 | Number | Percent No. | Percent | Bd. ft. | Percent 
| | | | | 
Ti 2 2 0.17 By Species 
8 1 A 0.09 Ash awhitee.. 25. ese 77 6.7 6,982 4.4 
9 13 13 1.13 Basswood ............ 47 41 5,557 3.5 
10 ee 26 48 4.18 Beechtee comet nome 149 13.0 27,794 17.5 
11 42 37 79 6.88 Chery trust. n-csiacne tee 11 1.0 1,032 0.6 
12 71 40 111 9.66 Emm white” 02a... 134 11.7 15,744 9.9 
13 73 47 120, 10.44 Hickoryae. cov si sere 39 3.4 5,595 3.5 
14 67 38 43 148-1288 Maple, soft .......... 18 1.6 2,149 1.4 
15 66 31 25 122 10.62 Maplesssudaltieerei sane 156 13.6 19,378 a2i2 
16 40 37 24 33 134 11.66 Oak, red and black. .... 332 28.9 49,416 31.1 
17 23 17 15 26 81 7.05 Oak white qo. s0me 53 4.6 9,505 6.0 
18 22 il 20 15 68 5.92 Poplar, yellow ........ 118 10.3 14,158 8.9 
19 19 12 10 14 55 4.79 Others eee ee ike 13 657 1.0 
20 23 5 11 10 49 4.27 
21 2 6 7 3 28 2.44 ‘Lotalimenen ect crn ae 1149 100.0 158,961 100.0 
745) abi 4 3 5 23 2.00 Prime Adenia tee 184 16.0 42,972 27.0 
24 5 3} 3 2 als} 1.13 Now 1 re Sie PENI 20.6 35,428 22 
25 6 3 2 sat 0.96 Noie2 BRE one eee 384 33.4 43,656 2h 
26 1 1 2 0.17 NO; S262 eee ene 344 30.0 36,905 23.2 
27 2 2 0.17 Total tine eee 1149 100.0 158,961 100.0 
28 2 1 1 4 0.35 
29 
30 1 Includes 4 butternut, 3 black gum, 1 sweet gum, 3 syca- 
Sa more, and 4 walnut logs. 
SVz Il ik 2 ORE? 
Total 184 237 384 344 1149 
Percent 16.0 20.6 33.4 30.0 100.00 


TABLE C-3. Percentage of Total Volume in Each Log 
Grade for the Principal Species of Study Logs. 


Log Grade 
4 Basis 
Species (MBM) 
Prime No.1 | No.2 No. 3 
| | 
ASHpmWItC Gn eee 29.4 16.8 31-9 Pei 8) 7.0 
Basswoodine emir 18.0 ee 24.0 40.9 5.6 
Beech cit-44. cee eee 82:3 14.9 26.2 26.6 27.8 
Edim@aw nite nearsentenenee 35.6 24.3 B2a7 7.4 1507 
Maple, sugar ........ 18.2 28.6 26.8 26.7 19.4 
Oak, red and black ... 28.2 24.7 29 FaiM 72 49.4 
Gaksawhites * enews ser: 34.6 3:9 31.8 29.7 9.5 
Poplar, yellow ....... 14.1 Shls) 29.7 24.9 14.2 
All Sas ceve tire e eice: 27.0 225) Paps) ee. 159.0 


1 Includes other species as in Table C-2. 
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Appendix D 


Lumber Grade Recovery and Quality Index Data 


Table D-1 Percentage lumber grade recovery by log Table D-5 Percentage lumber grade recovery by species 
diameters and grades. and log grades. 


Table D-2 Quality indices by log diameters and grades. Table D-6 Quality indices by species and log grades. 


Table D-3 Percentage lumber grade recovery by log Table D-7 Quality indices by species, log grades and 
diameters and species. log diameters. 


Table D-4 Quality indices by log diameters and species. 


TABLE D-1. Average (Curved) Percentage Lumber TABLE D-2. Average Quality Indices by Log 


Grade Recovery by Log Diameters and Grades. Diameters and Grades. 
Price relatives: FAS, 1.4; #1C, 1.0; #2C, 0.6; #3C, 0.4 


Log diameter inside bark, in inches 


Log |Lumber 5 All Log Grade 
Grade| Grade | | | | | | | | sizes! Log 
8 | 10 | 12 | 14| 16 | 18 | 20| 22 | 24 | 26 | 28 db. All 
RN Te Fort Re cialel Pte read Ae | Cale ti | (in.) Prime | No. 1 | No.2 No.3 | grades 
Prime FAS 40 40 40 41 42 45 50 40 | (0) | G) | (2) | Le, | 
No. 1€ 3635)" 34 33 ~34.7 33) 30)" 34 
No. 2C vk Sh ale al aly aia slay alto) Percent 
No. 3C T@ ave GG} a aie) Aw oS) GIG 7 52 52 
8 54 56 
No.1 FAS ie) aks} ts) Pl ae PN PE PRD) AIG) 9 56 60 
No. 1C 40 42 43 44 47 50 52 55 42 rr as es es 
No. 2C Pisy PX) Ass aly Wala 8 6 19 
No. 3C is) ha) Ady) aly aay ES a) 0) iat 73 60 67 
12 (© 61 71 
No.2 FAS ie me SIG a 1201401752024, 7 ig “4 os a 
No. 1€ PAs) BY SE GP ty UP al be kyh eee 20) 14 88 74 65 77 
No. 2C Sul SiO). 748) Se Ea aah TW ale fA 15 88 75 67 80 
No. 3C mer Omen tee Cee OL OM Of Ome eo 
16 103 88 76 70 93 
NooMrAS MeO Teri 2s) ANNs "6 <8 110-113" 2 a aoe aS a ae ae 
Nov Geel Sel Ge 20 2 ees 4a Lee 55,53 6162 328 18 104 39 79 74 89 
Nowe Gata 26456 42.39 S55 S08 259520 918 16. 15 9939 19 104 90 81 77 91 
Nos G45 e400 Gee oe Zou 2ome22) lo 16 913100 31 20 104 91 84 80 93 
All FAS 4 oe Sel Ome 22m 2D 29 S459 45S 21 104 93 86 83 95 
grades No.1C 16 22 27 32 46 40 42 43 43 41 39 = 37 22 105 95 39 87 97 
No.2C 40 40 36 30 35 19 16 13 10 9 7 24 5 GR ey a Se bs 
Noo3Cu4395349029.°25 = 21.919 217.415 93 1129 | 21 a a Be = on 102 
25 106 102 99 98 104 
1 Read from graphs of lumber grade recovery at a db. 26 107 104 102 102 106 
corresponding to the volume of the average log in each grade. 27 108 107 106 106 108 
28 110 110 110 110 110 
All 
Sizes* 105 90 79 68 


1 Raw, mean values, uncurved across log grades. 


TABLE D-3. Average (Curved) Percentage Lumber 


Grade Recovery by Log Diameters and Species. 


Log Diameter Inside Bark in Inches 


: Lumber 
Species cade | 
8 | 10] 12 lia | 16 18 | 20 | 22 | 24 | 26 | 28 
es ail (oe) fete oc | 

Ash, FAS oh (Sai tas GN yeh yal 
White Now! Ge 145 26m Como oer OO ae Ome 

Nos2@™9 3858 35h 29/25 21 Om) 

Noes Ci4 gee S 5 24. ee Oe © ee Ors eel 
Basswood FAS OR Si Om 2a Ome eee Seer ae, 

No. 1€ 10 23 34 41° 44 “43° 42) 39 36 

No. 2C They (oy ise aN} BH ee Salve 

No. 3C yp Bee amie CP 7 ae ee BO 
Beech FAS Oe a ee eee) Ue OMe 2 2 eee ee > 

No. 1€ a2 bs) Xe Syd. ery ON 0) eye yf days 

No. 2C 7 PP Pe 7 POY Ay Ue & Bf 

No. 3C yf ite) owl Esk) 7 2 ie, af 
Elm, FAS O27 84> 21) 28) 35 8 4see50 5s 
White Now Ga Oe U7 26 nS 2a See Ze Oe 2 Ome 

Now2Goes Sie 5025) 2 Oe Lome) One el 2 eee 

Noes Ga 620 or bee 3 amar. 2a LO ee Ome ed 
Hickory FAS GNIS iS 2 e233 2424 

No. 1C 20325983140 4a ea 2 

No. 2C 7s) pass “7X8 PL Hey Pap IP 

No. 3C Gil vayh alts} aI, IES al) a 
Maple, FAS 19 4 eel eee Ole 26 ne S44 a5 5 
Sugar No. 1€ 28 30 34 40 45 46 45 40 31 

No. 2C 202 Oe 20 ee Ore ee ee) ee 

No. 3C yl tly sys psy pai alyfs i aly) alah 
Oak, FAS P05 9101659239 506 345385 e40F 412 
Black & NowiGe 255 S046) SON SO S/n 7 i eT ro, 
Red Now2 Cae2 5252 Ae 2 Le Oe Oe Se ee eli 

Noss Ga 9 e402 5 2 0 et One eli Le 
Oak, FAS O04 9S 17 255 3238 842, 54444 
White No. 1€ 26°31 36 937 ~37 39 740) 4245547 

No. 2C “Ws Shey yey PAE] Yas) PAN aN ET. Pf 

No. 3C 2) ele ae So ee OS 2 me 
Poplar FAS By the Ne Ph Rah ala) ce “alee. ale} 

Now lG 7 225) 32533943 47, 50 52 55.57: 

No.2C 56 52 48 44 42 40 38 34 30 28 

Nox Ce 245019 ge Se lesa nd 2 me 2 2 


TABLE D-4. Average Quality Indices by Log 


Price relatives: FAS, 1.4; #1C, 1.0; #2C, 0.6; #3C, 0.4 


Diameters and Species. 


Log Diameter Inside Bark in Inches 


Species 
8 | 10} | 14| 16| 18 | 20 | 22 24 26 | 28 
[io alae | | | | | 
Percent 

ASH ae WV nite meee 58 68 78 89 99 109 119 130 
Basswoodmejeer ee 61569 77 855-94) 1020110 Soe 26 
Beech so jane 5256 61 67979735) 80 oon 950s ae 
Elm Whites... 45 56 67 78 87 94 100 105 109 113 
Hickotym ee ane 6510/9885 5 189s 190 eo to 
Maple, Sugar 63 72 79 85 90 94° 98> 1025106 
Oak, Black & Red. 53 64 75 83 91 97 102 106 110 11455017 
Oak, white ....... -. 50 63: 75 85 94 01 LOG RUTOwiseere> 
Poplaticeote Gores Wh Key EY Fkh CYS tle) Ghsy Gil) SB 


TABLE D-5. Average (Curved) Percentage Lumber Grade Recovery by 
Species and Log Grades. 


Log | Lumber | white | Bass- | 


| white | Hick- ieee | Red &. | white | Pop- | All 


Grade | Grade | Ash | wood | Beech | Elm | ory |Maple|Bl.Oak| Oak | lar | Species 
| | | | | | | | | | | 


Prime 


No. 3 


All 
log 
grades 


FAS 

No. 1C 
No. 2C 
No. 3C 


FAS 

No. 1C 
No. 2C 
No. 3C 


FAS 

No. 1C 
No. 2C 
No. 3C 


FAS 

No. 1C 
No. 2C 
No. 3C 


FAS 

No. 1C 
No. 2C 
No. 3C 


41 
37 


TABLE D-6. Average Quality In- 


dices by Species and Log Grades. 
Price relatives: FAS, 1.4; #1C, 1.0; #2C, 0.6; 


#3C, 0.4 
Log Grades 
Species P | 1 | 2 | 5} 
| | | 
Percent 
Ash 116 96 83 71 
Basswood 125 96 81 68 - 
Beech 94 83 73 65 
Cherry 97 85 WS 66 
Elm 103 87 tal 56 
Hickory Al 83 74 67 
Soft Maple 103 85 7A 56 
Sugar Maple 106 93, 81 68 
Red (BI.) Oaks 110 95 82 71 
White Oaks 116 101 89 TF 
Poplar 94 84 77 72 
All 105 90 78 68 


TABLE D-7. Average Quality Indices by Species, 
Log Grades and Log Diameters 
Price relatives: FAS, 1.4; #1C, 1.0; #2C, 0.6; #3C, 0.4 


Log Diameter 
Log 


Species | Gr. 


| me | ees Tee | | 
Bh LOM 12) | 14 le 16a) 185i 20-1 22 124 \e265)28 
| | | | | | | | | | 


Ash P DAS 1381225125 
1 96 100 104 107 110 
2 TIO S45 88 192995 597 
sy bal Ge 7) 7S eh Bas) 
Basswood P LOSS 107) 1 tS 219 
al COMmEOCOMES moo LOZ MOG 
2 (is) WP fh tse teh Sh) alfa 
5) by Grek yeh eis) ENS) GaleY esl toy 
Beech P il y/ SLSy - SY, aie aif) 
il 69 Sey) Ome OOO mo Damo Ome. Oly 
2 Bs 58 CF HS we We Gs Sil sh Sy 
Si Chee a> Om O? mmLOOMEN/ ON 5 ee OOMmOD ao 
Elm P LOS LO 709 LLO 2 3 
1 S2EOC MS OEE Oe LOZ ee LOSmeLO7, 
2, ei. (6) 70) FO Wr WS Fy py hil 
Ss} aly ts) S5fay Sn) «sya, Sa), fe), Yo) Bi) 
ANGI) : 85 all sizes 
: 70 all sizes 
Sugar P 104 all sizes 
Maple als 93 all sizes 
2 84 all sizes 
3 64 all sizes 
Red P oval lala) aGia! sey alg alas) alge} 
Oak il wh WS sh he Sy 
2 was tl 6 eS) GB 
3 Bo BS Gil Gv wes Fes ie cy Ge Sia Sil 
White P ibaa! shies; abil as}, alls}, bales} 
Oak 1 86 92 98 103 108 112 114 
2 EP FO Fi By Se Ses soe sleke) ala 
3 Ap 4S) iG Gs VO WH G2 we SEY Sy 
Poplar ID 3 Cy Sh Se) SE 
all CSmC OMG On 92 O35 mo 
2 Wa, Ss WS Wa GS) to) Gil Bye 
3 Be 68) Gi FA) We Wey Wil Th %a0) 
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Appendix E 


Quality Indices Applied to Trees 


Table E-1 Derivation of quality indices for hypothetical 
trees. 


Table E-2 Tree quality indices by d.b.h. and tree grade. 


Table E-3 Hardwood logging and milling costs. 


Table E-4 Relative stumpage conversion surpluses. 


Table E-5 Marking guide numbers. 


TABLE E-1. Derivation of Quality Indices for Hypothetical Trees! 


Tree cate Mill tally Tree BA Mill tally 
dibh Log d.i.b.? | Log grade Seltme Log QI | Tree grade | Tree QI Abb. Log d.i.b.* | Log grade volume Log QI | Tree grade | Tree QI 
(in) (in) —_— (b.f.) (%) = (%) (in) (in) _— (b.f.) (%) — (%) 
(1) (2) (EH) (4) (5) (6) (7) (1) (2) (3) (4) (5) (6) (7) 
12 10 3 63 58 3 58.0 || 20 17 0 155 103 
15 t 118 88 
12 10 2 63 73 2 73.0 Ee : s 
16 12 3 82 61 3 61.0 11 2 73 73 
16 13 2 92 74 — 
aA é ne as 438 1.2 87.9 
ARs 20 16 0 134 103 
155 2.5 67.5 | 14 1 102 88 
16 13 2 92 74 = 
- 5 Ss as 236 0.5 96.5 
10 3 63 58 20 17 0 155 103 
228 233 69.3 0 103.0 
16 14 1 102 88 24 20 2 228 84 
12 2 82 73 2 84.0 
10 3 ee oe 24 19 0 202 104 
247 2 75.4 16 2 zee 76 
20 16 2 134 76 336 1 92.8 
14 3 102 S53 24 20 0 228 104 
— 17 1 155 89 
236 2.5 Wg 7 ; a 4 
20 16 1 134 88 a 
14 2 102 74 485 1 92.9 
dé Bes oh 24 20 0 228 104 
— . Tee 18 0 176 104 
16 1 134 88 
20 16 1 134 88 = : = a 
14 1 102 88 
12 5 ngs od 630 1 94.6 
318 133 84.1 || 24 20 0 228 104 
20 17 0 155 103 18 0 176 104 
1G 2 134 76 
15 1 118 88 
14 2 102 74 
13 2 92 74 a : as pes 
10 3 63 58 . 
428 1.5 86.0 713 1.4 89.9 
24 20 0 228 104 
18 0 176 104 
16 1 134 88 
14 1 102 88 
640 0.5 98.1 


1 Column Sources 

1, 2 and 3 assumed. 

4 read from Table B-2 for 12-foot logs. 

5 read from Table D-2. 

6 from Column 3, see page 9. 

7 mean of Column 5 weighted by Column 4. 
2 All logs are 12 feet long. 


TABLE E-2. Average Tree Quality Indices. TABLE E-3. Absolute and Relative 
- — Costs of Hardwood Logging and 


Tree Tree Grade—Unweighted average of log grades Milling. 
d.b.h. | | l i. At ‘ a sae 
(in) [0 | | Ye |% | 2 ax Jaw | 136 2 2M 2% |2%| 3 Relative cost 
| | ise | | | | | | | Absolute! 
d.b-h. ee raw | curved 
Percent (ne le = 
12 73 68 65 63 58 
13 73 68 66 63 59 Y ag | a 
14 74 69 66 64 59 
15 74 69 67 65 60 ie ot 
13 77.3 
16 sts). ey ML) ths TA) s} HUE 14 53.53 FOG 70.8 
17 89 84 82 80 75 71 68 66 62 15 65.1 
18 102 98 9% 94 89 84 82 80 76 72 69 67 63 16 45.48 60.0 60.0 
19 103 98 9% 94 90 85 83 81 77 72 70 68 64 17 55.8 
20 103 99 96 94 90 86 84 82 77 73 71 69 65 18 40.21 53.0 52.6 
21 103 99 97 95 91 86 84 82 78 74 72 70 66 ee o28 
22g 1038509 07058 Ole 8] 18 85)u 837 7 9Na 75 173171 ¢ G7 a Beulhe EE Li 
23. 104100 98 96 92 88 86 84 80 76 74 73 69 ad ee 
24 104100 98 96 93 89 87 85 82 78 76 74 71 ge pees eee te a 
25 104101 99 97 94 90 89 87 83 80 78 76 73 ce ae 
24 30.78 406 40.6 
26 104101100 98 95 92 90 88 85 82 80 79 76 25 39.2 
Zi, ilosy slays ako) Ce is Bs re Tay eh EK EE HHO) 26 28.84 38.0 38.0 
28 105 103 101100 98 96 94 93 92 90 89 88 86 27 37.1 
29. 106 104 102 101 99 98 98 97 9% 95 95 94 93 28 27.54 Seen eae 
30 106 105 104 103 101 101 101 101 101 101 101 101 101 29 35.5 
30 26.56 35.0 34.9 


1 From Shames (James) (1946), 
Table 11, Note 65. 


TABLE E-4. Relative Stumpage Conversion Surpluses.! 
(in Percent of No. 1C Lumber Price) 
TABLE E-5. Marking Guide 


Tree | Numbers. 
d.b.h. i | (Increments in Conversion Surplus 
CD) 0 | % | % | Baila: Fc | 1% | 26h 2 | 2% | 2Y% | Ne per inch of d.b.h.) 
Conversion Surplus in Percent 
Tree Grade 
aa -19.4 -24.5 -27.0 -29.7 -34.0 d.b.h. 
12 115 -165 -18.9 -216 -26.3  (in.) | | | 
13 S41) 29.0 114 40. 7186 0 - 2 3 
14 Dna) Olt ow. 11 | | | 
15 Sil ig AS ae. eG) 10 -15 -42 
12 42 2 
16 ANP. Psyas) PAS}. AUSIAS) 14.8 10.0 Holl 5.4 1.0 14 114 72 
iy/ Byes Pelal PAs) 28h 7/ 19.5 14.9 12.6 10.4 6.0 16 214 170 125 
18 Liye) Gaby Glee alata) Seyi) eile) easy 27/5) 23.4 18.9 16.6 14.4 10.1 18 306 259 211 168 
19 bOI MEAS OME Ot2 45 So: aS ecu LO) 26.9 22.4 20.2 18.2 14.0 20 379 334 278 226 
20 BD olen 4 Onl 4 7.042.608 38.4 SO.oNeo4aL 30.0 25.6 23:5 21.6 17.4 22 400 364 322 291 
21 yds} GES. ayaldsy) Mes eel vali She Os Si A8) 33.0 28.7 26.5 24.7 20.7 24 461 438 419 391 
22 ysuey Sis fe) jess) als) ye) ales AI Kees! 35.9 BT 29.8 27.8 24.0 26 502 504 566 621 
23 61:68) 57.8) 55:9) 54:0) 50:10 46:2) (44°25 42-4 38.5 34.6 32.6 30.7 Zee 28 552 617 817 989 
24 63.2 59.6 57.8 55.8 52.3 48.5 466 44.8 41.1 B76 35.6 33.6 30.4 30 614 792 1160 1503 
25 64.9 61.5 59.7 57.9 546 51.1 49.4 47.7 44.1 40.7 38.8 36,9 eco > 
25MNEGGIA EGS 39NG1N6) 60.0 5618 53.960521 6502 47.399 442 425. 408 38.0 Species Vaio Factors 
27 «67.7 64.8 63.3 61.8 58.9 56.3 54.7 534 51.0 486 47.1 45.6 43.2 (Aappatictians Marketa Anis 10e1es4): 
28 (Seitss (fav! (Sajal (eis7 alee) efe)esy shh y/o) 55:5 NS)8) 52.9 Bik 49.6 Hickorye eee Ae ee ee ae 0.6 
29 70:08 65.19 67,065.98 0527 O2-G O22. len O1-4 60.7 59.8 5925 58.5 Siee Beechaee tt a ae a Ue. Set ee 0.8 
30 71.1 69.8 68.9 68.1 66.1 66.1 66.1 66.1 66.1 66.1 66.1 66.1 66.1 (Si: SHINE oocccance wosepaueke 0.85 
Redsiwihitezoakgueacsin = Ape ee 0.9 
1 Tree quality index values reduced by a standard differential cost trend pegged at anaes yellows poplata tome ey 
60% at the 16-inch d.b.h., i.e., stumpage plus margin for profit and risk. Chetry ee eae ae ek” same Tal 
These values are well defined, within the indicated limits, by the following empirical formulas— Black swalnut es. ieee eee ve 1.3 
Tree grade re 
0 S — — 84.02 4 13.23(D) — 0.4016 (D2) + 0.004427(D*). — 18” to 30”— 1 Hardwood Market Report (1954). 
a S = —150.13 4 20.25(D) — 0.7228 (D?) + 0.009598 (D*?). — 16” to 30”— 
2 S = —230.90 + 30.68(D) — 1.2597 (D?) + 0.018904(D*). — 12” to 30”— 
3 S = —273.39 + 35.52(D) — 1.5361 (D?*) +. 0.024306 (D*). — 12” to 30”— 
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